INTRODUCTION
Electrical discharge machining (EDM), also called as spark erosion technique, is one of the feasible manufacturing techniques used to machine the materials which are hard and tough to be manufactured in the conventional machining process. The ease with which it makes complex and intricate shapes on harder materials with high aspect ratio, makes EDM suitable for machining hardened steel, cemented carbide and conductive ceramics [1] on the workpiece material with fairly good electric and thermal conductivity [2] . Due to this, EDM has replaced the conventional machining process such as milling of heat treated tool steels, where the hardness of the workpiece are fairly larger [3] . But the process time involved in EDM is so longer that it makes the machining very slower. Over these years, researchers made several attempts to achieve satisfactory machining rate in EDM and subsequently the following variants of EDM comes into exists viz., dry EDM, EDM with ultrasonic vibration, Powder mixed EDM (PMEDM), EDM in water etc., [4] . In all these processes, EDM is basically involved together with a newer mechanism to enhance the machining rate of the EDM process. These newer trends of EDM aimed at influencing the characteristics of the dielectric fluid, thereby machinability could be improved. Among the types of EDM process, PMEDM is one of the widely used techniques, wherein the additive powders are added into the spark gap. Under the influence of electric field, these powders are arranged between the electrodes in zig-zag manner resulting in the formation of bridge, which in turn alters the breakdown strength of the dielectric fluid resulting in earlier spark [5] [6] [7] . The additive powders ranging from Silicon to Graphite powder were found to be enhancing the material removal rate in PMEDM process [8] where these artificial contaminations found to be aiding the breakdown characteristics of the dielectric fluid [9] . Murray et al observed that the physical and the electrical properties of the gap debris also played a role in altering the breakdown strength of the dielectric fluid [10] .
Use of nano TiO 2 powder with rotary tool was also observed to be increasing the machining characteristics of hot work steel [11] . Jeavudeen et al experimented that the addition of additive powders resulted in the lowering of breakdown voltage which also coupled with the reduction of gap voltage [12] . It was reported that the phenomenon of the occurrence of earlier spark in PMEDM resulted in the machining of materials at lower gap voltage, thereby enhancing the material removal rate and tool wear index [13, 14] .
To reinforce the concept of PMEDM, Gangadharudu et al tried powders with different thermo-electric properties as additives and reported that the process of adding powder additives enhanced the machinability [15] . Literature available shows that powders with varied concentration [16] , particle size, density and different thermo-electrical properties of the powders [17] affect the performance of PMEDM, but very little study has been done on the effect of the property of work piece on the performance in PMEDM process. Hence the present work focuses on the effect of thermoelectric property of the workpiece on the machinability of PMEDM. 
EXPERIMENTS

Experimental Work
To study the effect of thermo-electrical properties of the workpiece, when machined using the PMEDM process, the existing EDM set-up was modified. The custom made experimental set-up was devised as shown in the Figure. 1, which consisted of: EDM (Electronica) with inbuilt primary machining tank to recirculate the EDM fluid, a secondary tank being additionally used to mix the powder with the EDM fluid, a stirrer to ensure the homogeneity of the mixture, a flow control valve to meter the mixture and a centrifugal pump to deliver the powder mixed dielectric into the spark gap. Mild steel and Aluminium plate with distinct properties (Table. 1) of dimensions 100 mm X 100 mm with 10 mm thickness were taken as workpiece and a circular copper rod of 12 mm diameter as tool electrode. Alumina at 44 microns with a concentration of 2 g/litre was taken as powder additive. 
Experimental Design
From the experimental conditions stated, duty cycle, gap current and dielectric flushing rate were taken as three factors with three levels for each of the parameters as shown in the Table. 2. Taguchi L9 OA (Orthogonal Array) was used for the design of the experiments, which is widely used to attain optimization in industries [18] . OA and the levels for each of the factors are given in Table. 3. Main effect plots were used to estimate the effect of each of the factors on the machinability at various levels. The effect of each of these parameters on the machinability of workpiece was determined by means of ANOVA analysis as it gives significant process parameters [19] . In each of the trials, a total of three experiments were conducted to ascertain the accuracy of the result. The output responses such as MRR and TWI are presented in the Table 4 . Material removal rate (MRR) and Tool wear rate (TWR) were calculated by measuring the difference in the mass of the workpiece and the tool before and after machining per unit time and the Tool wear index (TWI) was estimated by calculating the ratio of MRR per unit TWR.
RESULTS AND DISCUSSION
When additive powder like alumina is added to the dielectric fluid, it gets energised and forms a zig-zag fashion bridging the gap between the electrode surfaces causing early spark [20] . This eventually lowers the breakdown voltage of the dielectric fluid used [12] . This lowered breakdown voltage helps in enhancing the machinability of the PMEDM process. The effect of thermoelectric property of workpiece materials on PMEDM process is discussed as below.
Effect of workpiece Properties on Improving the MRR
From the experimental observations, it was found that the process parameters had considerable effect in increasing the MRR of both Aluminium and Mild Steel. From Figures 2 (a) & 3 (a) , the rise in electrical parameters, viz., duty factor and current causes more electrical energy to be conducted between the sparks resulting in higher MRR [21] . Favourable electrical parameters coupled with the gap contamination by the way of flushing of powder mixed dielectric liquid into the electrode gap also enhances the MRR in both Aluminium and Mild Steel workpieces. This is attributed to the fact that the higher flushing rate significantly increases the gap contamination and dictates the quality of the electric discharge between the electrodes [22] . From Figure 4 (a) it is obvious that the machinability of Aluminium work piece is better than that of the Mild Steel work piece for all the nine experiment trials, irrespective of the process parameters and their levels. Higher thermal and electrical conductivity of Aluminium makes it easy to melt and vaporize in the spark gap, thereby enhancing the MRR in Aluminium than in Mild Steel whose properties are relatively lower [23, 24] . The general effect of the process parameters on individual performance has also been analysed using ANOVA, which is shown in Tables 5 -8 . Among the selected parameters, current has predominant effect in aiding the MRR of both Aluminium and Mild steel workpieces (Table Nos 6 and 8), which is followed by the duty factor. Also, among the factors selected for the experiment trials, electrical factors, viz., current and duty factor have played a major role in enhancing the machinability of the materials used. The role of higher dielectric discharge in the spark could possibly hamper the machinability by creating instability in the discharge zone [25] . Subsequent to the enhancement of MRR in the PMEDMed process, the surface topology of the machined surface has been observed to be free from micro-cracks, craters etc., [26] . It is evident from Fig.5 that the PMEDMed surface of Aluminium workpiece is relatively smoother than that with the normal EDMed surface. Normal EDMed surface is marked with deep crater with matte appearance. 
Effect of workpiece properties on improving the TWI
The selected process parameters were found to enhance the tool wear index of both Aluminium and mild Steel workpieces. Form figures 2 (b) & 3 (b), it is observed that the duty factor and the dielectric discharge rate have considerable effect on TWI of both the workpieces. However, increase in gap current between the electrodes has resulted in lowering the TWI. This is due to the fact that at higher current, the spark intensity also will be larger resulting in higer tool wear and thus it affects the TWI [27] . But in general, the machinability in terms of TWI has been found to be better in Aluminium workpiece than in Mild Steel as depicted in Figure. 4 (b). This is possibly due to the addition of powder additives, i.e., PMEDM, into the spark gap, which eventually lowers the breakdown strength of the liquid dielectric, resulting in higher MRR per unit tool wear [12] . In the ANOVA analysis, gap current has played a significant effect on TWI of both the workpieces, followed by duty factor and dielectric flushing (Tables 5 and 7) . Lower melting point and higher thermal conductivity of Aluminium seem to have enhanced the machinability better than the Mild steel workpiece. 
CONCLUSION
The study attempted to assess the effect of the material property of the workpiece in the machinability in PMEDM process. A custom made PMEDM set-up was made with Aluminium and Mild Steel as workpieces and circular solid copper rod as tool electrode with Alumina at 44 microns as powder additive. The outcome of the experiments is summarised below:
• Among the workpiece materials used, the machinability of Aluminium found to be better than Mild Steel at all the experiment trials, irrespective of the factors and their levels.
• There occurs significant rise in the MRR of PMEDM with Aluminium than in the MRR of the PMEDM with Mild Steel workpiece. 17.52% is the maximum rise in the MRR of Aluminium -PMEDM combination with minimum rise of MRR as 4.1%
• Increase in TWI also found to be higher in PMEDM with Aluminium as workpiece. Maximum rise in TWI was 114.42% in PMEDM with Aluminium and the minimum increase in TWI has been found to be 4.08%. This further confirms that the material property of the workpiece has considerable effect on its machinability.
• ANOVA analysis indicates that the electrical factors, viz., gap current and duty factor found to have predominant effect on MRR as well as TWI in both mild Steel and Aluminium workpieces.
• Main effect plots of data means indicate that all the factors at increasing levels have played a part in achieving higher MRR for both the workpieces.
• However, the rise in gap current also has increased the spark energy which affects the TWI of both the workpiece materials.
• The trend line of MRR plot at all the experimental trials is increasing with some outliers at experimental trial-3, in which the higher gap current with maximum dielectric flushing results in sharp increase in MRR for the materials.
• Also, the increase in the rate flow of powder mixed dielectric has had considerable effect on the machinability process of both the workpieces. Additionally, the paper provides a scope for carrying out a future experimental investigation on the effect of thermo-physical property of various workpiece materials in enhancing the machinability of the materials in PMEDM process.
